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Genome-Wide Association Studies (GWAS)

WTCCC,  2007

What specific genetic loci are associated to disease?

AA Aa aa
case

control

~100,000 - 1,000,000 association tests



Environment-Wide Association Studies (EWAS)

What specific environmental “loci” are associated to disease?:
ie, T2D, lipid levels, obesity, etc?
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NHANES Measurements
Environmental “E-Loci” Chip

Restricted-use:
genetic 
variants!

Cohorts:
1999-2000
2001-2002
2003-2004
2005-2006

Demographics (N 
~=10,000) Examination (N ~= 3000)

Age
Sex

Income
Education
Ethnicity

Blood Pressure
Body Measurement

Diet & Nutrient Intake
Vision

Oral Health

Laboratory (N ~= 3000) Questionnaire (N 
~=10,000)

Biochemistry:
Triglycerides, cholesterol, 
glucose, Cl, Na, K, PSA, 

etc.

Exposures:
Heavy metals, dioxins, 

PCBs, phenols, 
phthalates; 

Infectious Diseases
Allergens

Disease & Health Status

Drug use

Physical Activity
Health & Fitness History

Occupation



EWAS Methodology

Linear Modeling

Empirical False 
Discovery Estimation

Disease status
Classification

“Validation”

Factor “class”



EWAS Methodology, cont’d

Linear Modeling

Empirical False 
Discovery Estimation

Sensitivity analyses: 
adjust for additional 

factors

Correlation globes



Patel CJ, Bhattacharya J, Butte AJ, (2010) An Environment-Wide Association Study (EWAS) on T2DM. PLoS ONE
vol. 5(5)

“Novel” Findings:
heptachlor

γ-tocopherol

Known 
Associations:

β-carotene
vitamin D

PCBs
Interesting 

Patterns:
dioxins, pesticides, 

PCBs

EWAS on T2DM

ORs adjusted:
BMI, SES, ethnicity, age, sex

Δ 1SD or vs. negative test

Heptachlor Epoxide 
OR=3.2, 1.8

PCB170
OR=4.5,2.3

γ-tocopherol
OR=1.8,1.6

β-carotene
OR=0.6,0.6

1999-2000
2001-2002
2003-2004
2005-2006

cohort markers

FDR(α<0.02) ~ 10%“validated” factors



What about other risk phenotypes?



EWAS on HDL-C
1999-2000
2001-2002
2003-2004
2005-2006

cohort markers

FDR(α<0.02) ~ 10%

adjusted for:
BMI, SES, ethnicity, age, age2, sex

effect= % Δ for Δ 1SD or vs. negative test

carotenes 
effect= +5-6%

γ-tocopherol 
effect = -2%

mercury
effect=1-2%

cotinine 
effect = -1%

heptachlor epoxide
effect= -1-4%

Patel CJ, Cullen MR, Ioannidis JAP, J, Butte AJ, (2010). Non-genetic associations and correlation globes for 
determinants of Lipid Levels: an EWAS. In review.

vitamin C, D
effect = +1-2%

hydrocarbons
effect = -1%

“validated” factors: 
shown with open markers



Effect Sizes For Validated Factors:
HDL-C

single cohorts adjusted for:
BMI, SES, ethnicity, age, age2, sex

effect= % Δ for Δ 1SD
FDR ~ 10%

‘combined’ adjusted for:
BMI, SES, ethnicity, age, age2, 

sex, blood pressure, cohort, 
diabetes, waist circumference

effect= % Δ for Δ 1SD
FDR < 1%



“Assessing” Bias from Self-Report Data

disease status diabetes, CHD, heart attack

drug use metformin, statins

supplement use count of total supplements

physical activity metabolic equivalents

recent food intake total nutrients

“source” of bias examples

total:62

self-report data are sequentially added to final model
effect sizes for environmental variable are compared



Assessing Bias from Self-report data
Factors Validated for HDL-C

decrease effect size
increase effect size

‘cardiovascular’: CHD, heart attack & drug use

recent alcohol use



HDL-C “Correlation Globe”
Dependencies of Validated Factors

cotinine, 2-,3-fluorene
ρ > 0.6

similar route of exposure?
(smoking?)

red: positive correlation
blue: negative correlation

all |ρ| > 0.2



What’s next?

Validation: longitudinal studies & model systems

Genome-wide by exposome-wide studies







Conclusion and Discussion:
EWAS and the “exposome”

• Comprehensive, transparent, and 
systematic

• However: reverse causality, 
confounding amplified

• Need to define, characterize, and 
make accessible the “exposome”
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